The aetiology of massive liver-cell necrosis which developed in 16 patients following halothane anaesthesia was investigated by means of new serological techniques. In eight patients a specific halothane-related antibody was found, indicating that these patients were sensitized to halothane-altered liver-cell membrane components. In four patients, hepatitis A viral infection was responsible and among the remainder one was receiving anti-tuberculous drugs and one had received a blood transfusion, thus raising the possibility of a non-A non-B viral infection. There were no biochemical or histological differences between patients in the three groups.
In recent studies of the pathogenesis of the liver-cell necrosis which develops in some patients after halothane anaesthesia, we have identified an antibody which reacts specifically with a membrane determinant on halothane-altered hepatocytes. This antibody is not found in patients with minor, or no abnormality, of liver function nor in patients with other forms of liver injury Davis et al., 1980) . As a result of developments in the techniques for the specific diagnosis of hepatitis A viral infection, and hepatitis B viral infection, where the surface antigen is cleared from the serum unusually quickly, it is now recognized that surface and anticore antibodies provide much better markers of recent infection (Mathiesen et al., 1980; Woolf et al., 1976) . We have looked for each of these serum markers in 16 patients in whom severe hepatic necrosis developed within 1 month of exposure to halothane, in an attempt to determine the cause of the liver-cell necrosis.
PATIENTS AND METHODS
The records of all patients admitted to the Liver Failure Unit at King's College Hospital in the years 1978-79 were examined. Of the 111 patients admitted, 16 (14%) had developed fulminant hepatic failure within 1 month of exposure to halothane anaesthesia. In these 16 patients severe hepatic necrosis was demonstrated by an increased serum aspartate Signs of grade IV hepatic encephalopathy appeared in all, and all but two of the patients died. Serum samples taken on admission (within 2 weeks of the last anaesthetic and within 4 days of the onset of jaundice) were tested for serum autoantibodies including the liver-kidney microsomal autoantibody which has been reported frequently in fulminant hepatic failure attributed to halothane anaesthesia. Hepatitis B surface antigen and antibody, and anticore antibody were identified by sensitive tests (Ausria II, Ausab Corab and Radioimmunoassay, respectively) and the specific immunoglobulin M (IgM) to hepatitis A virus by the enzyme-linked immunosorbent assay (Organon). The halothanerelated antibody was detected by a microcytotoxicity assay and indirect immunofluorescence as described previously . Sera from all patients were tested for the presence of these antibodies at intervals of 4 days; there were no changes in the presence, or otherwise, of the antibodies with time. In those patients who died, a percutaneous liver biopsy was taken immediately after death for histological examination. halothane and the onset of symptoms varied from 2 to 10 days. Six patients had been exposed to halothane twice and two had been exposed on three occasions. Serum markers for hepatitis A and B viral infections were negative in all these patients. The use of specific fluorescein-conjugated antibodies to IgG and IgM in the indirect immunofluorescence assay showed that the halothane-related antibody was of the IgG subclass in all patients. Of the remaining eight patients, without the halothane related antibody, four (patients 9-12; table I) had evidence of recent infection with hepatitis A virus (high titres of IgM antibody). Two of these patients had been exposed to halothane once and two had been exposed twice within 4 weeks. The time from anaesthesia to the onset of symptoms varied from 2 to 23 days. One of these patients (patient 10) had tuberculous meningitis and had been receiving rifampicin, isoniazid, pyrazinamide, and streptomycin. In the other four (patients 13-16: table I) all serological tests were negative. A 24-yearold woman (patient 13), had received seven units of blood during her first operation, thus raising the possibility of an infection with non-A non-B hepatitis virus. Another patient (patient 16) was receiving antituberculous drugs (ethambutal, isoniazid, and rifampicin) while in the other two patients there were no factors, other than halothane anaesthesia, which could be implicated in the livercell necrosis.
No patient demonstrated evidence of peripheral eosinophilia. Autoantibodies were present in three of the eight patients in whom the halothane-related antibody was found (liver-kidney microsomal in two and smooth muscle in one). One patient with hepatitis A viral infection had smooth muscle antibody and the patient with possible non-A and non-B hepatitis had liver-kidney microsomal antibody. Postoperative pyrexia was a feature in five of the eight patients with halothane-related antibody and in three of the other patients.
Liver histology showed massive hepatocellular necrosis, mainly centrilobular, with some cholestasis. In two of the patients with the halothane antibody there was a cellular infiltrate in the portal tracts with mononuclear and plasma cells; otherwise there was no difference in histology between the various groups.
DISCUSSION
The presence of the halothane-related antibody in eight of these 16 patients suggests sensitization to liver membrane components altered by a metabolite of halothane (Neuberger et al., 1981) . No patient in whom antibody was detected had serological evidence of any other causes of liver cell necrosis. The ability of the antibody to induce normal lymphocytes to become cytotoxic to hepatocytes coated with the antibody suggests that it has a role in the pathogenesis of hepatocellular damage, and its specificity suggests that it may be considered a marker of this condition. The finding that the antibodies were always of the IgG subclass and not of the IgM subclass suggests that sensitization to halothane-altered liver cell components had occurred following an earlier exposure. If the antibodies were purely secondary to halothane-related liver cell damage, IgM subclass antibodies would be expected. The interval between the exposure of the patient to halothane and the detection of the halothane antibody was short in two patients (nos 1 and 3) and it is surprising that an antibody was generated so rapidly. However, the possibility of an earlier unrecorded exposure to halothane cannot be excluded.
It has also been shown experimentally that halothane may have a direct hepatotoxic effect (Sipes and Brown, 1976; Cousins et al., 1979) although the clinical relevance of this has been questioned (Strunin, 1977) . In two large controlled trials, small increases in serum aminotransferase concentrations were observed in a considerable proportion of patients, and it was shown that subsequent exposure to halothane was not followed by severe liver-cell damage (Wright etal., 1975; Trowell, Peto and Crampton-Smith, 1975) . The halothane antibody is not present in such patients and this is consistent with direct hepatotoxicity and the restriction of the immunological mechanisms to the much rarer severe liver damage leading to fulminant hepatic failure. It is possible that the direct toxic effects of halothane may be important in those patients in whom no other cause of liver damage was found or may contribute to the hepatotoxic effect of other drugs.
The role of halothane in the development of fulminant hepatic failure in those patients in whom halothane-related antibody was not found is uncertain. The four patients with specific IgM antibodies to hepatitis A virus had, almost certainly, been infected recently by that virus. IgM antibodies to the hepatitis A virus appear in the serum during the acute phase of the illness and persist during early convalescence. The presence of IgG class antibodies BRITISH JOURNAL OF ANAESTHESIA to the virus merely indicates previous infection with the virus and may be found in up to 80% of the general population. Although its appearance may be coincidental following operation, it is conceivable that halothane anaesthesia exacerbates a preexisting, but mild, infection although both viruses themselves are well recognized causes of fulminant hepatic failure (Mathiesen et al., 1980) . In vitro tests of immune function carried out after surgery have shown suppression of immune function although this is possibly a result of the stress of surgery rather than the direct immunosuppressive effects of anaesthetic agents themselves (Cullen and Van Belle, 1975 ). On present evidence, the hepatitis A virus seems to be directly cytopathic and any decrease in host immunocompetence could result in enhanced virulence.
One of the patients in whom the halothane antibody was not detected was taking the antituberculous drugs isoniazid and rifampicin-a combination known to produce fulminant hepatic failure in some individuals (Cullen and Van Belle, 1975; Zimmerman, 1978) . It has been suggested that the hepatotoxic effect of isoniazid is increased by the enzyme-inducing effects of rifampicin and potentiated by the agents used for anaesthesia-factors which could explain the same close temporal relationship with halothane anaesthesia noted in the other patients (Pessayre et al., 1977) . hepatitis A viral infection as often as they are found in those with presumed halothane hepatitis. Unexplained pyrexia after operation is more common in the latter group, but its lack of specificity makes it of poor diagnostic value (Dykes, 1971 ).
The results demonstrate the potential of the halothane-related antibody as a specific diagnostic marker and also that, in some patients, other factors may be implicated in the development of massive liver-cell necrosis following halothane anaesthesia.
